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We have already reported on the development of a new trend in the modeling
of complex systems of interacting objects (1). In many cases (2) it is expedi-
ent to model only parts of the objects of a system and to study the dynamic
states of systems which are mede up of a combination of these models with the

. unsubstituted objects that remain. In & combination with unsubstituted objects,
the models play the role of test stands. - .

A generalization and further development of the method where one employs
the test stands as linke in a closed dynamic system is the utilization of math-
ematical machines as universal models. :

Just as differential equations which describe dynamic processes are &
methematical model of the investigated phenomenon, so cen one consider devices
that solve wide classes of these équations to be universal models in the widest
sensée q:fé;this word, Consequently, mathematicel machines can serve &as universal

_ test stahde, which are convenient for combining them in-& dynamic state with
real objects. K

From this point of view, computing machines can be divided into two cate-
gories. .

To the first category of universal computing devices of interest to usl'be- . g
long "continuous-action" Enalog devices in which the role of the variables is
played by natural quantities -- voltages, displacements, angle of rotation, etc.
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To this number belongs, for example, the mechanical differentiel analyzer. To
the seme category one can refer electromechanical and electronic equivalent
schemes and electrical integrators of varilous types.

The use of computing, continuous-action devices as test stands has been
described by the author in previous works (1, 2).

To the second category of universal computing devices belong various kinds
of mathematical machines which solve, with an assigned approximation, systems
of differential equations by way of execution of definite arithmetical opera-
tions or algorithms. Such devices permit one to set up a definite sequence of
arithmetical operations according to one of the well-known methods. These de-
vices repeat a definite cycle of operations, by causing at the output toward
the end of each cycle an increment of the function which corresponds to an in-
crement of the argument. Thus, these devices are computers of "discrete cy-
clical action" /digital/.

From the point of view of combining them with real objects it is necessary
to take into consideration the tempo or speed of operation of such machines.
One cycle corresponuing to an increment At of the independent variable can be
finished by the mathematical machine in a time which is either less than At,
equal to it, or greater.

As for the principles governing the operation of such machines, they can
be quite different. Machines from which ome requires great accuracy in the so-
lutions ordinarily operate on the " computing-impulse” method [Eigital, discrete,
flip-floE]. New complicated calculating machines of this type have already
been put into use.

If a mathematical machine must be included as & model in an ordinary dy-
nemic system with unsubstituted objects, then the time scale in the model must
be such that, as in nature, one receives a respone of instantaneous values in
the pleces where the model 1s combined with the objects in nature; or one must
employ artificial methods for combining the unsubstituted objects and models
with various time scales which would assure the possibility of investigating
+he dynamic states with an error not exceeding an assigned amount,

Let us consider, in principle, the possibility of combining models and un-
substituted objects under the condition that the time scales in them differ.

Let & "quadripole" /a h-terminal network/ A, designate a model and let a
quadripole B, correspond to an unsubstituted object. Let the parameters of the
model (the mathematical machine) be such that the processes in it occur faster
than in the object replaced by it.

Let the time scale in the model, A, be n times less than nature's time
scale.

Let us divide the phenomenon under consideration into time intervals At.
In the model this interval corresponds to the time interval:&t/n. At any -.0-
ment of time let the model be connected up with the object. For concreteness,
let the phenomena in the model be described by & system of ordinary differen-
tial equations with constant coefficients.

At the moment of contact the model obtains from the real object initial
values of the dependent varisbles and the value of the so-called right part in
the system of equations; and let these values of the right part be fixed by
the aid of any means. The real object obtgins the initial values of thos:
functions by which the object is related to.the model, by fixing these values
in the time At. Afterward, the model is discoiﬁected from the real object, and-
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the phenomena in them are "untwisted apart" in the course of the time interval
At. In the course of the time interval At/n (which corresponds to At in na-
ture), the process is "cut of f" in the model and the values of all the variables
toward the end of this interval are fixed.

After this, toward the origin of the interval Apt, the model again is con-
nected up instentaneously with the real object, by interchenging with it the
values of the transfer functionms, etc. Such an operating state with cutoff
maekes it possible in principle to relate the model to the real object, in which
the time scale is less than the natural one. RNaturally, certain additional er-
rors are introduced due to the breaking up into time intervals At, in the
course of which we consider the right sideé of the equation invariable, i.e.,
the functions which give the relation between the real objects and the models.
The smeller the quantity At, the smaller the above-mentioned error.

The error of such a combination can be determined and compensated for.
Let us consider the solution by the indicated method of the problem:

duy

du
Vs - uy 8ad T2 —uq = Upe
dt»—a 1 at 1 2

By actual solution the sysiem will assume the following form:

&y _y, Bty and 2 _y, (4%) -y,
at at
Subtracting (1) from (2), we obtain the error equatlon:

(At) (at)

Iy, g & Sp=r a0,

After integrationfwe obtain: £ cae) )
z) X '
hA 7+ (g, “L ) dx+[ (450 I
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Consideration of the integrals occurring in these equations at the moment of
time t = n At glves:

5"[%_ B g xfex=—3 At 4 (-4, (a_)/ +26 (at)*M) ¢
were wy =385 00/
In exactly the same manner
Sot[q, (A8) (x)— 4, (x)] dx=d 4¢ [ )= (D] + 56 42)* ;%

i
where W] =JE% 4 /400
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But for ty_1€ X Ty We have:

y @0x) —g, ()= — (K=, ) G (Far) + 2 G Mz —~Zi )
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therefore

; (At)()()— y (nyzxd)r —Al" ,(/..,)e kAt—/—(tmé/) ‘

f“”d/+49;;l(4t)“ G b))% at + 6,4 fAt)iM E2% At 4-ond)
e .

K=,

(con'd) -~ &, & @—‘2 f ezf/(M,;At

Thus we obtain the evaluation required.

Let us consider the problem of error compensation. Let us write (2) in
integral form:

7 ()= fa)—/-j/% (x)— 7(x2/c;/x+f[7 @) — — X))
7,(2) =19, (0)+f[y x)— VKX_)/o’xv’—f[y (Aﬂ(x)~y(x]aé(

But as we saw:

z
f[e ) 72]dx—-—ﬁf[%(f) % @)+ ke (A2)*
7 /At-*z/f/x— —F4t[y (e)— 7]_(4_)]71—/%, (A2)> [osef

Therefore, by feeding in at the output, respectively, at_the mo-
ments of time k At =t the quantities’ gAt [o(t) - yo(0) a.nd t 5 ét) -
yl(o_)] we know the error in the solution to a. quantity of the order .)L

i’e., we eliminate the main part of the error of the solution. The process of
such compensation can be continued.

Thus, there exists in principle a possibility of combining the mathemati-
cal machines of discrete action with test o'bjects for investigating the dynsmic
regimes of complex systems.
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